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screening into the routine care of children with CKD in developing countries.
subjects and methOds
This study was carried out at the Aminu Kano Teaching Hospital (AKTH), Kano. Eligible children with CKD hospitalized or attending the pediatric nephrology clinic were recruited after due written informed parental consent and verbal assent from children aged 7 years and above.
Study design
This was a cross-sectional-comparative study.
Inclusion criteria
Children with confirmed diagnosis of CKD defined by The National Kidney Foundation (NKF)/Kidney Disease and Outcome Quality Initiative as a bilateral kidney injury and/or impaired kidney function of at least 3 months' duration were recruited. [11] Kidney injury refers to the presence of microalbuminuria or overt proteinuria or abnormal urine sediments such as red blood cell (RBC), RBC casts, white blood cell (WBC), WBC casts, cellular casts, granular casts, oval fat bodies, fatty casts, or free fats. Impaired kidney function is defined as a glomerular filtration rate (GFR) of 60 mL/min/1.73 m 2 or less. [11] 
Exclusion criteria
Recipients of renal transplant and children with any known congenital or acquired cardiac diseases were excluded. Controls of the same number, with no acute or chronic illness and matched for age and gender, were recruited from the pediatric outpatient department of AKTH.
Ethical considerations
Informed consent was obtained from the parents/guardians and assent from the study participants aged 7 years or older. Approval of the Ethics and Research Committee of the AKTH, Kano, was obtained before the commencement of this study.
Sample size determination
The minimum number (n) per group of children required for the study was calculated from mean ± standard deviation of EF of children with CKD and their controls as obtained from the study by Adiele et al. [8] in Enugu, Nigeria, using the standard formula for sample size in comparison of two means. [12] Sample size of 21 for both cases and controls was arrived at. All eligible participants were consecutively recruited to attain the sample size.
Data collection
Each patient and control had a thorough physical examination performed. For the CKD patients, the stage of their disease was determined based on the estimated GFR (eGFR) as was introduced by the NKF Kidney Disease Outcomes Quality Initiative in 2002 and subsequently adopted with minor modifications by the international guideline group Kidney Disease Improving Global Outcomes in 2004. [11, 13, 14] A complete two-dimensional echocardiogram with M-mode examination was performed on each child using Sonoscape SSI-8000 cardiac ultrasound system with 3.2-5 MHz and 4.6-7 MHz multifrequency transducers for older and younger children, respectively. Our observations on the diastolic function of the study population have been previously reported. [15] LV dimensions in systole and diastole were measured according to the American Society of Echocardiography pediatric echocardiography guidelines. [16] LV function was analyzed using the Teicholtz formula by M-mode in the parasternal short-axis view. [17] The FS and the EF were derived from these dimensions and calculated automatically by the machine. LVSD was considered present if the FS was ˂28% or the EF ˂50%. [18] 
Laboratory samples
The study participants had their serum creatinine levels assessed, and with this, the eGFR was calculated for each patient using the modified Schwartz formula. [19] 
Statistical analysis
The data collected were analyzed using the SPSS version 22 (IBM, Armonk, NY, USA). Continuous variables were tested for normality using the Shapiro-Wilks test. Student's t-test or Mann-Whitney U-test was used to compare the means or median, respectively, of measurements between groups depending on the normality of the data. Frequencies were compared between groups using Chi-squared or Fisher's test where necessary. The relationship of EF and FS with age and eGFR was investigated using Spearman's test of correlation. Level of significance was regarded as ˂0.05 at 95% confidence interval.
results

Baseline characteristics of subjects and controls
The CKD patients with their matched controls comprised 15 males and 6 females with a male-to-female ratio of 2.5:1. Their median age interquartile range (IQR) was 10.0 (5.0) years. The patients and controls were similar with respect to their height, weight, body surface area, and blood pressure [ Table 1 ].
Fourteen (66.7%) CKD patients had Stage 1 disease, and 85.7% had never been dialyzed [ Table 2 ]. The three CKD patients who had been dialyzed all received hemodialysis.
Left ventricular dimensions
The LV internal dimensions in both phases of the cardiac cycle were larger in patients compared with controls, but these differences were not statistically significant [ Table 3 ]. However, the interventricular septum in both phases of the cardiac cycle was significantly thicker in CKD patients. The LV posterior wall thickness in both systole and diastole were similar in the patients and controls.
Left ventricular systolic dysfunction
The mean FS (34.71% ± 8.4% vs. 35.19% ± 3.9%) and EF (63.86% ± 11.6% vs. 65.33% ± 5.4%) were reduced in the CKD patients compared with controls, but the differences were not statistically significant (P = 0.815 and P = 0.600, respectively) [ Table 3 ]. LVSD was detected in 5 (24%) CKD patients, but in none of the controls (Fisher's exact; P = 0.001).
Patient characteristics in relation to left ventricular dysfunction
The CKD patients with LVSD were older (12 [IQR; 3.0] years) than the patients without the abnormality (9 [IQR; 6.2] years).
The difference was, however, not statistically significant (P = 0.067). The occurrence of LVSD differed significantly across the stages of CKD (P < 0.001). No patient had Stage 2 CKD, but LVSD was proportionately most common in those with Stages 3 and 4 disease (50%, respectively), while 33.3% of those with Stage 5 disease had LVSD. Two of the patients (14.3%) with LVSD had Stage 1 CKD. Whereas, none of the dialyzed patients had LVSD, it was present in 27.8% those who had never been dialyzed (P < 0.001) [ Table 4 ].
Spearman's test of correlation revealed a significant negative relationship between EF and age, i.e., declining EF with increasing age (r = −0.5, P = 0.02). However, no significant relationship existed between EF and eGFR (r = 0.3, P = 0.13).
discussiOn
This study has confirmed that LVSD is significantly more common in children with CKD compared with healthy controls. We found a LVSD prevalence of 24%, which concurs with the 24.6% among children with CKD in an European multicenter study reported by Chinali et al. [7] but higher than the 8.3% reported by Adiele et al. [8] who studied children in another part of Nigeria (Enugu). Whereas, we defined LVSD in the present study as FS <28% or EF ˂50% [16] the cutoff values used by Adiele et al. [8] were not specified. They could have used a lower EF cutoff value for their definition of LVSD, which would explain the wide disparity in the prevalence observed in the two studies. We observed lower mean EF and FS in patients compared with controls, but the differences were not significant. Most other previous studies of children with CKD also reported similar observations, but all had relatively small sample sizes. [2, 20, 21] LVSD in patients with CKD has a complex pathobiology that is multifactorial including an increased preload secondary to fluid overload, and hypertrophy of the left ventricle which is associated with a reduction in the capillary density, creating disequilibrium between oxygen demand and supply, ultimately culminating in ischemia and myocardial fibrosis. [22] Activation of the renin-angiotensin-aldosterone axis and sympathetic nervous system, inflammation, abnormalities of bone and mineral metabolism, and proteinuria all contribute to the pathogenesis of impaired LV systolic myocardial performance in patients with CKD. [23] [24] [25] The severity of CKD has been noted to independently predict the elevation of LV filling pressure which is in turn responsible for systolic dysfunction in them. [26] We observed a significantly negative correlation between age and EF, implying that as children with CKD gets older, their LV systolic function significantly declines. It is therefore not surprising that our cohort of CKD patients with LVSD were older than those without LVSD, even though this difference was not statistically significant. It is possible, therefore, that the duration since diagnosis of CKD may be related to the decline in systolic function of the left ventricle. This might be a subject for further research. Our finding LVSD being proportionately most common in patients with Stages 3 and 4 CKD is in consonance with the observation made by Parfrey et al. [27] They also demonstrated that progression of renal failure frequently leads to LVSD. At Stage 5 CKD, when LVSD should be most prevalent, renal replacement therapy is usually commenced with attendant improvement in the clinical status of the patient. We had only three patients in Stage 5 CKD, all of whom had commenced hemodialysis before recruitment into this study. Larger prospective multicenter studies may more clearly delineate the variations in LV systolic function across the stages of CKD in children.
In the present study, we found a significant difference between the presence of LVSD and the dialysis status of patients. LVSD was more common among CKD patients who had never been dialyzed. Mitsnefes et al. [20] in Cincinnati, Ohio, who studied 25 children with CKD similarly observed an improvement in their systolic performance posthemodialysis, and thus they attributed to a reduction in LV afterload. The reason for a better LV contractility in these children is not entirely clear. Probably, in this cohort of CKD patients, elevated or improved LV contractility is an adaptive mechanism needed to increase cardiac output and improve renal perfusion because of higher metabolic demands. [28] However, Colan et al. [29] determined that 55% of children and young adults immediately at the onset of dialysis had abnormal LV systolic function at rest. This, they hypothesized to be attributable to increase in preload or afterload.
cOnclusiOn
In summary, we found 24% of 21 children with CKD studied in our center to have developed LVSD. This occurred irrespective of age, but was most common in CKD Stages 3 and 4, and more common in those who had never been dialyzed. Our findings suggest the need to integrate baseline and periodic echocardiography into the management protocol of children with CKD in Sub-Saharan Africa where this is not currently the standard practice in order to facilitate the early detection of LVSD and prompt intervention cardiology consultation as may be necessary. Bearing in mind a limitation of this study being a small sample size, we recommend larger multicenter studies with larger sample sizes, as this may unveil the magnitude and associations of LVSD in pediatric CKD patients in Sub-Saharan Africa.
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